Summary. Study of the activities of hyaluronidase, lactate dehydrogenase isoenzyme-X and the dehydrogenases of sorbitol, \g=a\-glycerophosphate,glucose-6-phosphate, malate, glyceraldehyde-3-phosphate and isocitrate in the testes of mice of different ages showed that the changes were correlated with the stages of spermatogenic cell differentiation. The first 4 enzymes had activities which were low in newborn mice and high in adults; this pattern was reversed for the other enzymes.
Introduction
Studies of testicular enzymes have two main purposes : first, to determine enzyme activities in different cell types to understand biochemical changes during germ cell differentiation, and second, to use testicular enzymes as biochemical markers for elucidating control and regulatory mechanisms of spermatogenesis. The enzymes in rodent testes at different stages of development have been studied histochemically and biochemically. Hyaluronidase (E.C.3.2.1.35), sorbitol dehydrogenase (E.C.I. 1.1.14), lactate dehydrogenase (isoenzyme-X) (E.C.I. 1.1.27), hexokinase (sperm type) (E.C.2.7.1.1), cyclic nucleotide phosphodiesterase (E.C.3.1.4.17), 5'-nucleotidase (E.C.3.1.3.5), S-adenosyl-L-methionine decarboxylase (E.C.4.1.1.50) (see , for review), carnitine acetyltransferase (E.C.2.3.1.7) (Schanbacher, Gomes & VanDemark, 1974) , and a-glycerophosphate dehydrogenase (E.C.I.1.1.8) (Schenkman, Richert & Westerfeld, 1965 ) first appear in spermatocytes or spermatids and then increase rapidly to reach maximum levels in spermatozoa when spermatogenesis is complete. The activities of -glutamyl transpeptidase (E.C.2.3.2.2.) (Hodgen & Sherins,1973) , ß-glucuronidase(E.C.3.2.1.31),uridinediphosphatase(E.C.3.6.1.6), acid phosphatase (E.C.3.1.3.2) isoenzymes I and II, ornithine decarboxylase (E.C.4.1.1.17), glucose-6-phosphate dehydrogenase (E.C.I. 1.1.49) (see review), and malate dehydro¬ genase (E.C.I.1.1.37) (Ambadkar & George, 1964) (Bergmeyer, 1974) . Enzyme activities were expressed as µ of product formed/hr/mg protein. isoenzyme-X were almost undetectable until 20 and 17 days of age, respectively, but they then rose markedly and remained unchanged between 40 and 120 days of age. Levels of sorbitol dehydrogenase and a-glycerophosphate dehydrogenase were detectable at 1 day of age; they increased rapidly until 40 and 35 days of age, respectively, and then remained at constant levels. The activities of glucose-6-phosphate, malate, glyceraldehyde-3-phosphate and isocitrate dehydrogenases were high at birth but had declined by 30 (Lam, Furrer & Bruce, 1970; Go, Vernon & Fritz, 1971 ; Lee & Dixon, 1972; Meistrich, 1972) , enzyme profiles of the specific cell types have not yet been established. Selection of testes at different stages of development before full spermatogenesis is achieved therefore offers an alternative for the study of testicular enzymes associated with spermatogenic cell types.
Two enzyme developmental patterns were distinguished in mouse testes during cellular differenti¬ ation. The activities of hyaluronidase, lactate dehydrogenase (isoenzyme-X), sorbitol dehydrogenase and a-glycerophosphate dehydrogenase changed from low to high levels, while those of glucose-6-phosphate, malate, glyceraldehyde-3-phosphate and isocitrate dehydrogenases changed from high to low levels as spermatogenesis proceeded. The two enzyme patterns crossed at puberty.
Activity of lactate dehydrogenase (isoenzyme-X) is first detectable at 17 days after birth. Since primary spermatocytes first appear at 15 days of age, the activities of this enzyme seem to be associated with spermatocytes. This conclusion is in agreement with that of Goldberg & Hawtrey (1967) . Blackshaw & Elkington (1970) suggested that lactate dehydrogenase (isoenzyme-X) was linked to the first wave of pachytene primary spermatocytes in rats.
Hyaluronidase is not detectable by 20 days of age, indicating that it is not associated with sperm¬ atogonia or early spermatocytes. Appearance of activity as early as 23 days of age and the rapid increase in activity thereafter suggests its association with late spermatocytes and early spermatids. Males & Turkington (1970) , however, reported that hyaluronidase activity first became detectable in rats with formation of the cap phase spermatids at 33-34 days of age.
The detection of sorbitol dehydrogenase activity in 1 -day-old mice suggests that this enzyme might be present in the fetal testis. The close correlation of activity and testicular weight was similar to results obtained in rats by Mills & Means (1972) .
The demonstration of a-glycerophosphate dehydrogenase activity in newborn mice also implies that this enzyme is associated with the differentiating spermatogonia. However, the increase in activity from 1 to 35 days of age, as other spermatogenic cells appear in the seminiferous tubules, seems to indicate that this enzyme is also associated with more advanced germinal cells. By histochemical methods, it has been shown that malate dehydrogenase in rats (Ambadkar & George, 1964) , glucose-6-phosphate dehydrogenase in rats (Blackshaw & Elkington, 1970) , and isocitrate dehydrogenase in mice (Hitzeman, 1962) are more active in interstitial cells than in the seminiferous tubules. Baillie (1961) calculated that >70% of the newborn mouse testis is interstitial tissue, and this decreases to 17, 6 and 4% on 7, 14 and 21 days of age, respectively. Hitzeman (1962) found that mitotic activity of the interstitial cells decreased in the neonatal mouse to stable levels by 15 days of age. Steinberger & Steinberger (1971) reported that proliferation of Sertoli cells in rat tissue ceased after Day 15. It is therefore possible that the decrease in activities of malate, glucose-6-phosphate and glyceraldehyde-3-phosphate dehydrogenases at 20 days of age may not only be due to the transformation of spermatocytes to spermatids but also to the relative decrease in the numbers of Sertoli and interstitial cells.
The results, suggesting that the first wave of mature spermatozoa is released into the epididymis at 37 days of age, agrees with data published by Gomes (1970) and Bruce & Meistrich (1972) . The low epididymal glucose-6-phosphate dehydrogenase activity in adult mice reflects low activity in sperm¬ atozoa, as indicated by the extremely low activity in the vas deferens.
